The electrical energy system size is increasing and getting complex day by day with rising trends to integrate renewable energy sources like wind power in order to deliver the economic energy to the modern and developing society. However, the rising trends of wind energy generation and involvement raises serious concern for matching the generations with load demand and hence to maintain the standards of automatic generation control (AGC). Therefore, the power system needs robust design techniques for such type of complex system. This paper discusses the robust methodology for AGC of conventional system with sufficient contribution from doubly fed induction generator (DFIG) in control areas. The robust AGC are applied on the above said complex system and the application results are compared with control design based on optimal theory in terms of system stability and the achieved responses to validate the influence of the proposed technique.
Introduction
The complexity of the power system is growing with more and more involvement of generations from wind power. Further, with larger involvement of wind power sources, the frequency of the system is exposed to number of disturbances due to non-contribution of wind generators in automatic generation control (AGC). However, due to emerging trends of wind generations, it is significant to examine the influence of doubly fed induction generator (DFIG) in active power control with synchronous generators in order to achieve the standards of the AGC. The limited research work are available in the literature considering this aspect [1] [2] . The modern electrical energy system is extremely non-linear and its point of operation is regularly shifted due to continuous change in the power demand of the modern society. Hence, the technique based on classical control is no more effective and usable for such kind of systems [3] . The development of modern control theory and its practice to design the effective regulators for AGC based on optimal control have shown the remarkable interest from the researchers worldwide [4] [5] . The optimal regulators developed for AGC works quite satisfactory for the system with true values and do not ensure the desired performance as the system parameters changes from nominal or true values. The robust design technique built on Riccati-equation approach can be an appropriate control design for modern complex system and be able to guarantee the stability of the system for all admissible uncertainties [6] . The bound of system parameters are sufficient for the exact design and testing in real environment of power system. Hence, in this paper the model of conventional two-area system having synchronous generators and connected via AC tie-line with sufficient contribution from DFIG in each control areas is used for the research work. The robust methodology built on Riccati-equation is designed for the above mentioned system. The AGC scheme based on optimal control theory is also designed, tested and compared with robust AGC in terms of achieved dynamic responses and the eigenvalues in a closed-loop style to demonstrate the stability of the modern complex system with the proposed control design.
System Model used for Investigations
It is two-area system having generations from hydro turbines in area-1 and tandem compound nonreheat turbines based thermal generations in area-2 with significant contribution from DFIG in each control areas. The detailed modelling of DFIG used for AGC is completely discussed in [4] .
The construction of power system vectors and matrices used for developing robust AGC can be obtained from the transfer function model of the system as given in Fig. 1 . The description of system nomenclature, system parameters, system vectors and matrices are not shown due to space constraints and can be easily found from [5].
Robust Design Technique
The mathematical modelling of robust methodology for AGC with DFIG can be written as follows:
The system model given in Section 1.1 can be well-defined by the following system Eqns. ‫ﻣ‬  ‫ﻮ‬  ‫ﺿ‬  ‫ﻮ‬  ‫ﻋ‬  ‫ﺎ‬  ‫ت‬  ‫ﻣ‬  ‫ﯿ‬  ‫ﺎ‬  ‫ن‬  ‫د‬  ‫ر‬  ‫ﺟ‬  ‫ﺴ‬  ‫ﺘ‬  ‫ﺠ‬  ‫ﻮ‬  ‫ﺑ‬  ‫ﺮ‬  ‫ا‬  ‫ی‬   ،  ‫ﺑ‬  ‫ﻨ‬  ‫ﻮ‬  ‫ﯾ‬  ‫ﺴ‬  ‫ـ‬  ‫ﯿ‬  ‫ﺪ‬  ‫ز‬  ‫ﯾ‬  ‫ﺮ‬  ‫ﻓ‬  ‫ﯿ‬  ‫ﻠ‬  ‫ـ‬  ‫ﺪ‬  ‫د‬  ‫ر‬ ‫ر‬  ‫ا‬  ‫ﺧ‬  ‫ﻮ‬  ‫د‬  ‫ﻋ‬  ‫ﺒ‬  ‫ﺎ‬  ‫ر‬  ‫ت‬  ‫ﮐ‬  ‫ﻪ‬  ‫ا‬  ‫ﯾ‬  ‫ﻦ‬   ‫ﺑ‬  ‫ﺎ‬  ‫ﭼ‬  ‫ﭗ‬  ‫ﺳ‬  ‫ﻤ‬  ‫ﺖ‬  ‫د‬  ‫ر‬  ‫ﺧ‬  ‫ﺖ‬  ‫د‬  ‫ر‬  ‫ﻣ‬  ‫ﺮ‬  ‫ﺗ‬  ‫ﺒ‬  ‫ﻂ‬  ‫ﻫ‬  ‫ﺎ‬  ‫ی‬  ‫ﻣ‬  ‫ﻮ‬  ‫ﺿ‬ 
